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(57) Abstract: Methods and structures arc disclosed where carrier 
fiber is used to enable the assembly of two and three dimensional 
structures of autologous tissue. Tissue is harvested from the donor, 
integrated with a carrier fiber, and assembled into complex forms 
rapidly. The structures can be tailored to the requirements of a 
specific medical procedure. The tissue is kept live and viable during 
extracorporeal assembly and the finished structure is emplaced in 
the donor's body. The use of a carrier fiber leader for pre-threading 
integration and assembly machines facilitates machine set up, drawing 
of the tissue into the process, and rapid integration and assembly of 
the multi-dimensional structures. Assembly can include providing 
tissue and fiber leaders extending from the structure for attaching 
the structure in place. The carrier fiber either is bio-absorbed as new 
tissue forms, or forms a bio -compatible substructure for the patient's 
native tissue. 
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CARRIER FIBER ASSEMBLY FOR TISSUE STRUCTURES 

Inventors: 
Charles A. Howland 
Virginia Houston-Howland 
Jennifer K. White 

RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Provisional Applications 
No. 60/515,373, filed 10/29/2003. 

FIELD OF THE INVENTION 

[0002] The invention relates to the use of carrier fiber for the assembly of autologous 
tissue structures for implantation in a patient's body, and more particularly to a process 
and machine for making two and three dimensional implantable structures of carrier fiber 
and autologous tissue. 

BACKGROUND OF INVENTION: 

[0003] The development of tissue engineered structures for surgical implantation has 
involved the assembly of various materials types. The common theme in this work has 
been the use of Glutaraldehyde fixed materials from bovine or porcine sources. The use 
of autologous cultured cells grown on scaffolds has been attempted with very limited 
success. The manufacturers manipulate this fixed tissue to form heart valves and other 
implantable grafts. Surgical techniques of cutting and stitching of sheets of fixed tissue 
material are now common. Fixed tissue structures of the animal or donor source such as 
a heart valve are used without modification of their shape. 

[0004] The fields of plastic surgery and heart by-pass coronary surgery have used 
autologous tissue as a source for surgical procedures. In these cases, the autologous 
tissue is again manipulated using surgical methods. The saphonis vein is used for bypass 
because a vessel is required. In all this work on autologous tissue, if a three dimensional 
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shape is required it must be harvested from the body or fabricated from fixed tissue or 
synthetic materials such as polyester. 

SUMMARY OF THE INVENTION: 

[0005] In this invention, carrier fiber is used to facilitate the assembly of two and three 
dimensional structures with autologous tissue. Autologous tissue is harvested from the 
donor and assembled into complex forms rapidly. The tissue is kept live and viable 
during extracorporeal assembly and is replaced in the donors body. The use of carrier 
fiber facilitates this rapid assembly of the two and three dimensional structures. The 
autologous tissue is modified into thin long sections and is integrated with the carrier 
fiber. Carrier fiber of various types are used to facilitate the assembly process. The use 
of twisting, spinning, weaving, knitting, and braiding assembly processes to integrate the 
carrier fiber and the autologous tissue strips is made practical for assembly into 
structures by using long pre-threaded carrier yarn leaders for machine set up, in order to 
draw the autologous tissue into the assembly process when ready. In this way, the limited 
quantity of autologous tissue is not wasted in the set up and thread-up of the assembly 
equipment. The finished autologous structures allow for complete healing in the patients 
body. The carrier fiber of the tissue/fiber composite structure is either bio-absorbed or 
forms a bio-compatible substructure for the patient's native tissue as healing progresses. 

[0006] It is therefore an objective of the invention to provide a process by which 
autologous or other tissue that has been harvested or otherwise produced, can be 
processed, and assembled into two and three dimensional structures suitable for medical 
implantation as a tissue-based scaffold to support the growth or regrowth of native tissue. 

[0007] It is a further objective to provide a machine by which such a process may be 
conducted. 
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BRIEF DESCRIPTION OF THE FIGURES 
[0008] Fig. 1 is a simplified flow chart of a preferred embodiment of the invention. 

[0009] Fig. 2 is a diagrammatic illustration of a ply twisting operation for integrating 
tissue yarn with a carrier fiber. 

[0010] Fig. 3 is a diagrammatic illustration of a braiding operation for integrating tissue 
yarn with a carrier fiber. 

[0011] Fig, 4 is a diagrammatic illustration of weaving a fabric tube with tissue yarn in 
the fill and carrier fiber in the warp. 

DESCRIPTION OF PREFERRED EMBODIMENT 

[0012] The invention is susceptible of many embodiments. What is explained here are 
preferred embodiments and best mode for practicing the invention, and should be 
construed as illustrative and not limiting of the invention. 

[0013] While preferred embodiments presume the tissue to be autologous tissue being 
used for assembly into useful fiber/tissue structures for surgical implantation in the 
donor's own body; the description and claims extend to the use of any living or synthetic 
tissue or tissue precursor in the process of the invention, whether naturally occurring or 
cultivated in an alternate fashion, whether harvested from the recipient or from another 
natural or cultivated source. 

Selection of Carrier Fiber 
[0014] The preferred carrier fiber or yarn (CF) system is of small denier in the 10 to 300 
range. In many situations, it is desirable for the carrier fiber to be absorbable in the body. 
Poly Glycolic Acid (PGA) and Poly Lactic Acid (PLA fibers has been used extensively 
in suture yarns and have well known bio-absorption characteristics. The PGA/LGA 
fiber also have tensile and modulus characteristics that are biocompatible based on its 
experience base from use in surgical sutures. 

[0015] In addition to the use of bio-absorbable fiber, the use of fixed animal fiber is also 
an option. Also materials such as those based on various collagen types have application 
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to the invention. The relative value of carrier fiber types is dependent on the interaction 
with healing mechanisms in the body. In addition to the type of stresses, the time frame 
for healing will suggest the optimum carrier fiber type for use in a structure. In some case 
the use of synthetic fibers like polyester may be indicated. 
Autologous Tissue Processing 
[0016] The harvesting of Autologous Tissue (AT) and manufacturing of AT yarn or tape 
(ATY) is surgical in nature. Pericardium or other appropriate membranes are removed 
from the patient's body and mounted on a frame. In a preferred method, a spiral ruled 
cutter and press form a narrow tape from the harvested membrane. For the manufacture 
of small vessels, the ATY has to be small, preferably 0.005-0.025 inches in width. Other 
larger structures may be able to use ATY as large as 0. 1 inches in width. The appropriate 
autologous membranes may not have a thickness compatible with these dimensions and 
can be skived, planed, slit or microtomed to meet a desired dimension. This process also 
offers the surgeon the control options for the type of tissue to be used to form the ATY. 
In most cases the membrane and tissues that can be harvested have a multi-layer 
structure. It may be desirable to use only some of these layers and not use others in the 
formation of ATY. Other cutting or fiber formation methods such a straight-line slitting, 
laser cutting, water jet cutting, or helical slitting are all candidate methods for formation 
of ATY. The ATY need not be monofilament in nature; it can be multifilament or it can 
be multifilament with twist as in a staple fiber formation, which will be readily 
understood by those in the textile arts. 

[0017] Yarn sizes and vessel wall thickness must be related. For very small structures, 
such as 1 or 2 mm diameter veins, the wall thickness must be equally thin. In this case 
the available autologous tissue membrane may require not only thin sectioning into tapes 
or strips but also reduction in thickness. This processing can be done both before and 
after the initial sectioning has been done and can include both mechanical rolling or 
drawing and cutting or skiving techniques. The imperfections in the ATY in very thin 
sections result in higher breakage and reduce the average length of undivided material. 
However with the use of fine CF these shorter ATY sections are supported and carried 
through the assembly process. 
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Equipment Setup 

[0018J The use of carrier fibers allows the fabrication equipment to be setup and all the 
elements to be threaded and ready for the surgical session. The use of live autologous 
tissue requires that the assembly process be rapid and reliable. The threading of the 
equipment with ATY would not only consume time during the procedure but would also 
require large amount of ATY for threading and start up. The use of carrier yarn leaders 
allows all the thread up and tension control devices to be initialized with the bare carrier 
yarn CF leaders, and the ATY used almost exclusively for the formation of the finished 
structure. In addition to speed and utilization advantages, the carrier fiber provides an 
improved cover factor in the ATY fabric and helps reduce the porosity of the structure. 
The term "cover" or "cover factor" and various other terms and phrases of the textile arts 
used through this specification are defined and/or clarified by reference to other Charles 
A. Howland patents including U.S. patent nos. 5,564,264; 5,837,623; and 5,976,996, and 
also to such industry references as the Dictionary of Fiber and Textile Technology, 
copyright 1999 KoSa, ISBN 0-9670071-0-0. 

Autologous Tissue and Healing 

[0019] The use of ATY fabrics and structures allows the healing process in the body to 
take over and remake the structure. During this healing process the carrier fiber fills in as 
a tension bearing threadline or matrix, for defects in the ATY and the assembly process. 
There will be splices, terminations and incomplete coverage of the ATY portion of the 
structural fabric initially. Before the healing process has corrected these small 
imperfections, the carrier fiber provides both redundant structure and improved surface 
area coverage. 

[0020] Integration of CF to ATY with the carrier yarns is the first step in the assembly 
process. Ply twisting, hitch loops, serving, wrapping or braiding, terms understood in the 
textile arts, are all useful in integrating the ATY with the CF. Each method is outlined 
below. Referring to Fig. 2, in the ply twisting case, a preferred approach makes use of 
short lengths to be processed, and feeds the ATY 201 from a fixed position, with the 
bobbin of CF 202 moving around the ATY material. In some cases, a rotating hollow 
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clamp 203 is used to guide the continuous CF and the free end of the ATY. The clamp 
turns and provides the ply twist for the CF /ATY pair 204. 

[0021] The use of multiple CF yarns is useful to help support thin or fragile ATY. After 
twisting, the free ends of the ATY are released from the rotating and fixed clamp. They 
are then knotted or coated to prevent untwisting. The integrated section of ATY and CF 
is then be advanced into the assembly section of the apparatus. It is preferred to use a 
balanced twist (s versus z) in the CF singles yam to prevent liveliness or torque in the ply 
structure. A ply twist between 1 and 30 turns per inch is typical to integrate CF with 
ATY. Twisting has the advantage that the process is simple and a hundred or more 
clamp-type twisting units take up little space, facilitating the parallel integration of the 
CF and ATY. The multi-up assembly process, well understood to those skilled in the 
textile arts, is also desirable as it avoids the requirement to move integrated thread lines 
from the CF/ATY integration step to the assembly step. In the case of weaving or other 
assembly modes where multiple ends are required, this parallel process can save time in 
the procedure. 

[0022] A second configuration of CF integrated with ATY is where the CF forms a clove 
hitch over the free end of the ATY. Additional hitch or loop fastening of CF to ATY is 
used along the ATY length to integrate the two yarns, the fastening points being spaced 
as often as necessary to provide adequate thread line behavior. 

[0023] A serving or winding configuration uses a hollow bobbin and feeds the ATY 
through the hollow core. In general a CF yarn is paired with the ATY in the core feed to 
support the ATY and reduce the lengths required. In this process the wrap count of the 
CF is selected to meet the required thread line behavior. The number of CF wraps per 
inch should not be excessive as a very high CF cover would reduce the available surface 
area of the ATY and hence the healing performance of the integrated finished CF / ATY 
fiber. 

[0024] Referring to Fig. 3, in the braiding process and configuration, the CF 302 is set up 
on the three bobbins 303 the braiding unit 300 and ATY 301 is feed as a core to the braid 
at braid point 304. This method provides very low ATY tension in the integration 
process and is useful for handling very short sections of ATY. The braiding process is 
desirable when integrating CF and ATY for knitting as the braiding process can be run in 
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parallel with the knitting or weaving filling insertion of the structure. The braiding 
complexity makes it less attractive for use as a warp component of assembly where more 
thread lines are required. Core braid insertion for CF/ATY can be readily automated. 
[0025] Assembly of useful tissue fabrics and structures using the integrated CF/ATY 
may be accomplished in several ways; as described in the following examples. 

Example # 1 : Weaving of tubular ATY/CF structures oriented in the fill direction 
[0026] The first example of an ATY/CF scaffold or structure and process of the 
invention is of weaving ATY/CF fabric tubes oriented in the fill direction. For this 
example, cylindrical tubes are fabricated to various lengths and diameters. The use of a 
weaving process is preferred because it allows separate selection of the thread line 
density and type in the axial and circumferential directions. Narrow width weaving 
equipment of a few inches is preferred. Needle or rapier insertion are best for the filling 
insertion mechanism. Referring to Fig. 4, the major modification of the heddle/reed 
insertion section 400 is the use of an aqueous saline bath 404 to preserve the viability of 
live tissue. Tissue yarn ATY 401 is used in filling, and carrier fiber CF 402 is used in 
warp. The weave design uses the filling oriented tube method. The key advantage of this 
system over warp oriented tubes is the ease with which the tube diameter can be 
modified by simply changing the number of filling insertions in the double layer section. 
Tube diameter variation is necessary to match the donor's native vessels and is not 
known with precision except at the time of performing the associated medical procedure. 
[0027] For this set up, the preferred warp feed would be from a single end creel for the 
CF warp. As described, the clamp-type twisting or knotting integration methods are 
preferred as inline or parallel parts of the creel thread lines. This process creates a set of 
ATY/CF warp yarns. The normally very limited amount of ATY requires that the 
ATY/CF yarns each have a length close to the total length required for the structure 
being formed. The rest of the threaded length for the assembly equipment can be 
provided by the CF only, as an ATY/CF yarn leader. After the required number of 
CF/ATY thread lines have been integrated, the integrated sections are moved into the 
assembly zone in the fabric forming equipment. In the example of weaving equipment, 
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this would move the CF/ATY yarns into the fell zone and just at the location for next 
insertion to fall on integrated CF /ATY sections. In the case of knitting or braiding 
equipment, a similar advance, into the assembly zone starts the next part of those 
processes. 

[0028] In the case of woven structures, the filling direction yarns can be different than 
the warp yarns. In some cases, the CF yarn need only be used in one of the machine 
directions. In the general case, there are integrated CF/ATY lines or yarns in both 
directions. This provides additional options for configuring the effective cover of the 
ATY related healing and face-side related symmetry and asymmetry options for 
medically healing and tissue presentation, the means for achieving which will be 
understood by those in the textile arts. 

(0029] In the case of the warp yarn, there are a number of options for integration. The 
ATY can be knotted, served with a second CF tread line, twisted into a ply with the CF 
or braided into an integrated unit. In the case of the filling yarn, the degree of mechanical 
abrasion in weaving is very low and the required filling feed tension is also very low. 
This allows for using a very limited degree of integration or amount of CF to ATY, and 
even the use of no CF material and only ATY, in the filling direction when desirable. 
[0030] In the example of a CF/ATY fabric tube or vessel assembly with weaving, the 
selected filling type, CF, ATY, or CF/ATY, is inserted into a warp pattern that links all 
the warp fiber units. The optimal weave pattern in this Closed Tape Zone (CTZ) is a tight 
plain weave with weave cover in the range of 50-80%. The number of insertions will 
depend on the width of the CTZ and the inter-fiber friction of the total system. In the 
preferred case, small CF material is woven to create a tight CTZ to prevent any structural 
problems such as the loss of crossing points after removal for use on the assembly 
fixture. As with a fringe or any fabric edge, the CTZ may be terminated with knots to 
further prevent loss of crossing points. 

[0031] After the completion of the CTZ, the tube section (TS) of the assembly is formed. 
In this step of the assembly process the warp fiber is controlled with the hettles to create 
two sheets in the formation zone. Typically half the warp fiber is formed into an upper 
sheet and the other half is formed into the lower sheet. The TS formation continues until 
the required tube diameter is formed. The actual resulting TS diameter can be tested with 
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a mandrel by slacking off the warp tension at this point in the process. When the TS is 
long enough then the second CTZ can be formed and this allows for a closed tube. 
[0032] At this point the formed tube can be removed from the assembly unit and the 
CTZ and ends can be finished as required to prepare the ATY/CF structure or scaffold 
for insertion into the patient's body. 

Example #2: Weaving of tubular ATY/CF structures oriented in the warp direction: 
[0033] The second example of an ATY/CF scaffold or structure and process according to 
the invention is the weaving of a warp oriented tube. In this example, shuttle type 
weaving is preferred and the formation is of a two-ply fabric with woven selvedges. This 
follows the techniques for fly shuttle weaving, which are well understood in the textile 
arts. The filling yarn must be wound on a shuttle bobbin and the shuttle moves for each 
filling insertion. In this method the tube diameter must be pre-defined as the warp end- 
count and the reed size in use will define the tube circumference. The key advantage of 
this method is the elimination of the CTZ (closed tape zone) at the two edges of the tube. 
With fly shuttle weaving, woven selvedges avoid the requirement of a CTZ. With these 
exceptions to the first example fill direction tube process, all the other weaving related 
process specifications apply. Combined and/or bifurcated structures based on this and the 
other assembly techniques described herein are also possible. 

Example #3: Braiding of ATY/CF structures 

[0034] The third example of an ATY/CF scaffold or structure and process according to 
the invention is of braiding methods and braided structures useful for the assembly of 
small vessel scaffolds. The CF is integrated with the ATY as described and is wound on 
bobbins. The section of integrated CF/ATY is moved forward into the braiding zone and 
the structure is fabricated using the required number of braided ends for the tube size 
required. The method may be preferred for the elasticity intrinsic to the braid and rapid 
change in tube diameter, mirroring the recipient's vessel variation. It should be noted 
that fiber orientation in such structures is limited and cover in larger vessel sizes requires 
very complicated equipment. 
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Example #4 - Knitting of ATY/CF structures 

[0035] The fourth example of an ATY/CF scaffold or structure and assembly process 
according to the invention is of knitting methods and knitted structures. The use of 
circular knitting and other complex knitting methods known in the textile arts are used 
for larger tubular and bifurcated structures. As the gage of the knitting machines is 
limited, the fineness of knitted structures is less appropriate in small structures. However 
the knitting process has the advantage of only requiring a few yarn ends for processing. 
The integration of the ATY and the CF can be accomplished in-line with the knitting 
process. The use of knit structures is desirable when very compliant structures are 
required. However cover and porosity characteristics in knitted structures are not ideal 
for liquid tight requirements and such ATY/CF scaffolds or structures may require post 
processing to address these issues. 

Environmental Conditions in the Assembly Process 

[0036] The integration and assembly process is accomplished at low temperature and 
under saline spray or saline immersion. The time required for CF/ATY formation, 
integration, assembly and post processing defines the environmental requirements. The 
longer the process time needed, the lower the temperatures required, the more critical the 
saline formulations are to maintaining the viability of the ATY tissue. 

Crossing Point Design 
[0037] At the level of fabric design, the options for the integration of the CF and ATY 
materials are numerous. A key criteria in this step or design is keeping the cover factor 
and available surface areas of ATY in a ratio that facilitates complete healing. In some 
cases the ATY materials will need to be nearly continuous on the surface of the structure. 
This is accomplished in one way by having much smaller carrier fibers relative to the 
size of the ATY material. A preferred pattern in this case would cross the CF on the ATY 
with respect to machine directions and pack the ATY in the pattern to provide optimal 
cover. In other situations where healing mechanisms allow for incomplete ATY 
coverage, CF can be used to complete the surface of the structure. Patterns where only 
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some of the fibers contain ATY in either or both directions are within the scope of the 
invention. It is expected that symmetrical face patterns will be used in some applications. 
However in cases where the inside and outside of a vessel have differential healing 
characteristics, the ratio of ATY and CF can be asymmetrical as in twill or sateen 
designs. Those skilled in the textile arts will readily understand such variations. 



Post Processing and Re-introduction 

|0038] When there is excessive porosity in the assembled part, this may be addressed 
either by mechanical compaction of the surface as with calendering or by coating with 
various surgical dips. As in the case of synthetic grafts, the use of albumin or blood is 
useful in closing any fine porosity in a newly assembled structure. 
[0039] In many situations, the use of CF, ATY, or CF/ATY fibers in the terminations of 
the structure can be used as the suture for the emplacement of the structure in the 
patient's body. This method avoids the need to penetrate the assembled structure with a 
separate suture. As the assembled structure is manufactured to fit the reassembly site in 
the donor, the suturing is made in a preferred geometry to accommodate the planned 
placement. This preserves the integrity of the structure and promotes rapid healing. 
[0040] Referring now to Fig. 1, the six fundamental steps of the invention are illustrated. 
At step 1, autologous tissue AT, or any tissue, is harvested from its source in a non- 
destructive manner. At step 2, the tissue is processed by any of the means described 
above into an ATY or autologous tissue yarn format suitable for the process that follows. 
At step 3, as described above, a medically suitable carrier fiber CF is integrated with the 
ATY to form a workable composite yarn of CF and ATY. As illustrated in Fig. 1, 
preferred embodiments use a saline spray, and low temperature environment, to promote 
the longevity of the tissue material during this and subsequent steps. At step 4, again as 
aptly described above, CF/ATY yarn, and optionally unintegrated CF and ATY, are 
assembled into a tissue and fiber fabric structure of the desired geometry and balance of 
physical properties of the tissue and fiber, suitable for a specific medical implantation 
requirement. 
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[0041J The integration and assembly steps of the process of Fig. 1 draw heavily on the 
art, practice, and machines of the textile industry in novel and heretofore unobvious ways 
to advance this aspect of the medical arts. The invention extends further to the use of 
carrier fiber leaders for machine set up to conserve tissue and accelerate the process, then 
for drawing of the tissue into the integrating step and of the carrier fiber and tissue 
composite into the assembly process. As shown, a saline spray and other efforts may be 
used to maintain the viability of the tissue during integration and assembly steps until the 
step 5 implantation is accomplished. In healing step 6, new tissue NT builds on the AT 
tissue, gradually replacing the carrier fiber CF and fleshing out the full form of the 
structure as the CF is slowly absorbed. 

[0042] The invention has many possible embodiments and variations. For example, there 
is a process for repair of a tissue-based body structure in a patient using the steps: 
harvesting autologous tissue from a donor; processing the autologous tissue into 
autologous tissue yarn; integrating the autologous tissue yarn with a carrier fiber into a 
fiber/tissue composite yarn; using a leader of carrier fiber for drawing the composite yarn 
into an assembly process; assembling by the assembly process a fiber and autologous 
tissue body structure; and implanting the structure in the patient. 

[0043] The processing step may include reducing the autologous tissue into strips of 
0.005 to 0.1 inches in width. The integrating step may use at least one technique from 
among the group of techniques consisting of ply twisting, hitch loops, serving, wrapping, 
braiding, and entanglement. The assembly process may include any of: weaving a tubular 
tissue and fiber structure oriented in the fill direction; weaving a tubular tissue and fiber 
structure oriented in the warp direction; braiding a tissue and fiber structure; knitting a 
tissue and fiber structure; or other manual or machine construction of structures by use of 
yarns and fibers. 

[0044] The integrating step and/or the assembling steps may include applying lower than 
ambient temperature and a saline solution to the autologous tissue. The assembly process 
may include weaving a tissue and fiber fabric on a machine where the autologous tissue 
yarn is run in one machine direction and the carrier fiber is run in the other machine 
direction. The assembly process may include compacting the walls of the structure 
and/or coating the structure for reducing porosity. 
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[0045] The assembly process may include terminating the fabrication of the structure 
leaving extended lengths of yarn suitable for suturing the structure into place, where the 
yarns are any or all of carrier fiber, tissue yarn, or the composite fiber/tissue yarn. 
(0046] Another example of the invention is a produce of the process, a structure formed 
by the process. The structure may incorporate a fabric constructed of autologous tissue 
yarn and carrier fiber and containing crossing points formed by any of weaving, knitting, 
braiding or entanglement techniques, or other techniques. 

[0047] As another example of the invention, there is a process for making a tissue-based 
body structure consisting of the basic steps: processing body tissue into tissue yarn; 
integrating the tissue yarn with a carrier fiber into a fiber/tissue composite yarn; using a 
leader of the carrier fiber for drawing the composite yarn into an assembly process; and 
assembling by the assembly process a fiber and tissue structure. This example may 
employ the other variations and options described above, as well as products of the 
process of this example and its variations. 

[0048] Yet another example of the invention is simply a structure made from a fabric 
consisting of autologous tissue yarn and carrier fiber, where the tissue yarn consists of 
strips of tissue between 0.005 and 0.1 inches in width. And a further simple example is a 
structure made from a fabric consisting of a composite yarn consisting of comprising 
autologous tissue yarn and carrier fiber, again where the autologous tissue yarn consists 
of strips of autologous tissue between 0.005 and 0.1 inches in width. 

[0049] Other and various examples and variations of the invention will be evident from 
the abstract, description, figures, and following claims. 
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CLAIMS: 
We claim: 



1 1 . A process for repair of a tissue-based body structure in a patient comprising the steps: 

2 harvesting autologous tissue from a donor; 

3 processing said autologous tissue into autologous tissue yarn; 

4 integrating said autologous tissue yarn with a carrier fiber into a fiber/tissue 

5 composite yarn; 

6 using a leader of said carrier fiber for drawing said composite yarn into an 

7 assembly process; 

8 assembling by said assembly process a fiber and autologous tissue body structure; 

9 and 

1 0 implanting said structure in said patient. 

11 

1 2. A process according to claim 1 , said step of processing comprising the step: 

2 reducing said autologous tissue into strips of 0.005 to 0.1 inches in width. 
3 

1 3. A process according to claim 2, said step of integrating comprising at least one 

2 technique from among the group of techniques consisting of ply twisting, hitch loops, 

3 serving, wrapping, braiding, and entanglement. 
4 

1 4. A process according to claim 1, said assembly process comprising the step: 

2 weaving a tubular tissue and fiber structure oriented in the fill direction. 
3 

1 5. A process according to claim 1, said assembly process comprising the step: 

2 weaving a tubular tissue and fiber structure oriented in the warp direction. 
3 

1 6. A process according to claim 1, said assembly process comprising the step: 

2 braiding a tissue and fiber structure. 
3 
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1 7. A process according to claim 1, said assembly process comprising the step: 

2 knitting a tissue and fiber structure. 
3 

1 8. A process according to claim 1, said step of integrating comprising the step: 

2 applying lower than ambient temperature and a saline solution to said autologous 

3 tissue. 
4 

1 9. A process according to claim 1 , said step of assembling comprising the step: 

2 applying lower than ambient temperature and a saline solution to said autologous 

3 tissue. 
4 

1 10. A process according to claim 1, said assembly process comprising the step: 

2 weaving a tissue and fiber fabric on a machine wherein said autologous tissue yarn 

3 is run in one machine direction and said carrier fiber is run in the other machine direction. 
4 

1 1 1. A process according to claim 1, said assembly process comprising the step: 

2 compacting the walls of said structure for reducing porosity. 
3 

1 12. A process according to claim 1, said assembly process comprising the step: 

2 coating said structure for reducing porosity. 
3 

1 13. A process according to claim 1, said assembly process comprising the step: 

2 terminating said structure with lengths of yarn suitable for suturing said structure 

3 into place in said patient, wherein said lengths of yarn comprise at least one from among 

4 the group of yarns consisting of said fiber, said tissue yarn, and said composite yam. 
5 

1 14. A structure formed by the process of claim 1 . 
2 

1 15. A structure formed by the process of claim 14, further comprising a fabric constructed 

2 of autologous tissue yarn and carrier fiber and containing crossing points formed by at 
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3 



least one from among the group of techniques consisting of weaving, knitting, braiding 

4 and entanglement. 
5 

1 16. A process for making a tissue-based body structure comprising the steps: 

2 processing body tissue into tissue yarn; 

3 integrating said tissue yarn with a carrier fiber into a fiber/tissue composite yarn; 

4 using a leader of said carrier fiber for drawing said composite yarn into an 

5 assembly process; and 

6 assembling by said assembly process a fiber and tissue structure. 
7 

1 1 7. A process according to claim 1 6, said step of processing comprising 

2 reducing said autologous tissue into strips of 0.005 to 0. 1 inches in width. 
3 



1 18. A process according to claim 1 6, said step of integrating comprising at least one from 

2 among the group of techniques consisting of ply twisting, hitch loops, serving, wrapping, 

3 braiding, and entanglement. 
4 

1 1 9. A process according to claim 16, said assembly process comprising the step: 

2 weaving a tubular tissue and fiber structure. 
3 

1 20. A process according to claim 1 6, said assembly process comprising the step: 

2 braiding a tissue and fiber structure. 
3 

21 . A process according to claim 16, said assembly process comprising the step: 

2 knitting a tissue and fiber structure. 
3 

1 22. A process according to claim 1 9, said step of weaving comprising the step: 

2 weaving a tissue and fiber fabric wherein said autologous tissue yarn is run in one 

3 machine direction and said carrier fiber is run in the other machine direction. 
4 

1 23. A process according to claim 1 6, said assembly process comprising 
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2 terminating said structure with lengths of yarn suitable for suturing said structure 

3 into place in said patient, wherein said lengths of yarn comprise at least one from among 

4 the group of yarns consisting of said fiber, said tissue yarn, and said composite yarn. 
5 

1 24. A structure formed by the process of claim 16. 
2 

1 25. A structure comprising: 

2 a fabric consisting of autologous tissue yarn and carrier fiber, said tissue yarn 

3 comprising strips of tissue between 0.005 and 0. 1 inches in width. 
4 

1 26. A structure comprising: 

2 a fabric consisting of a composite yarn comprising autologous tissue yarn and 

3 carrier fiber, said autologous tissue yarn comprising strips of autologous tissue between 

4 0.005 and 0, 1 inches in width. 
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FIG. 3 
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FIG. 4 
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